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Abstract 
Painting tractors yellow at Caterpillar demands the use of a significant number of filters. 
When these filters are spent, the paint continues to cure in an exothermic process, which may 
result in spontaneous combustion and a dangerous filter fire. We at Caterpillar hypothesized that 
a filter made from starch could be dissolved in water, solving two problems: decrease the 
probability of spontaneous combustion, as well as nearly eliminate a significant waste stream. 
Several different filter types were made from starch: foam filter, perforated and expanded filter, 
paper bafile filter, thermoformed bafile filter, and fibrous filter. The foam filter was never 
successfully produced; the perforated and expanded filter as well as the paper and thermoformed 
baffle filters were successfully produced, but are of no significant use to Caterpillar's painting 
operation. The fibrous filter was produced with a non-ideal sized fiber, resulting in a filter of75% 
starch and 25% polyester. The fibrous filter is one that is used in Caterpillar's everyday 
operations, and the starch prototype provides much promise to meet the necessary requirements 
for use in production. Future goals include finalizing the starch fibrous filter and testing it in a 
real-life situation; this, however, is dependent on developing technologies to create the ideal sized 
fiber. 
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Introduction 
The most frequently used method for collecting airborne oversprayed paint particles 
produced in industrial spray painting operations is the dry paint filter system. In general terms, 
paint filter arrangements capture tacky airborne paint particles as air is forced to exit the area 
through fibrous filters. As these tacky particles build up on the surface of the filter media, paint 
loading becomes a significant detriment to the efficiency of the filtration system. Periodically, 
these loaded filters must be replaced. The paint on these spent filters, when in contact with air, 
continues to cure through an exothermic process. When not handled properly, a pile of spent 
paint filters can spontaneously combust, resulting in a potentially dangerous fire. In the past, the 
traditional method of handling spent paint filters involved collecting the filters and soaking them 
with water to prevent spontaneous combustion. However, a relatively new environmental 
regulation prohibits the disposal of any liquid into landfills. As a result of this regulation, spent 
paint filters no longer are treated with water, causing increased instances of spontaneous 
combustion filter fires. Not only have the new landfill restrictions made it more difficult to 
dispose of this waste, but there is a strengthening environmental trend to minimize waste 
production in general. 
Several years ago, Caterpillar recognized there was a need to develop an alternative filter 
media that would minimize the hazards associated with the spent paint filters. Additionally, waste 
reduction is always a goal of Caterpillar's. Developing a paint filter from starch would address 
both the spontaneous combustion and the waste reduction issues. Large numbers of paint-laden 
filters made of an engineered starch product will be able to be dissolved on-site in reservoirs of 
water. As a result, the probability of spontaneous combustion will be removed and a significant 
waste stream will be largely eliminated. 
This project started with a prototype of a foam filter. As the research progressed, several 
different types of filters were proposed and tested. However, for Caterpillar, none of these 
prototype filters would satisfy the needs that were currently being met by using polyester fibrous 
filters. Recent technological advances in the starch-spinning industry has opened the door that 
will lead to a starch fibrous filter, the type of filter that will be beneficial to Caterpillar and all of 
the painting industry. 
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Methods 
Foam Filter: 
The first starch filter was an attempt to mimic a standard polyether or polyurethane foam filter, 
such as one might find being used in various appliances. An attempt was made in 1996 to make a 
starch foam filter with National Starch and Chemical. However, this portion ofthe project was 
abandoned after numerous hours were spent on unsuccessful attempts. 
Perforated I Expanded Filter: 
The second type of filter utilized technology at American Excelsior which takes extruded starch 
foam and presses it into sheets of starch. This intermediate product looked almost like paper. At 
RPS, these sheets were perforated and expanded. Ten sheets were glued together back-to-back 
to create a filter similar to the ones used in humidifiers. These techniques were explored in 1996 
and early 1997. 
Paper Baflle Filter: 
Using the technique to make starch paper, American Excelsior used a dye-cutter to make holes in 
the sheets of starch paper in 1997. Two sheets were glued back-to-back to simulate the 
cardboard baflle filter currently made by a major manufacturer of filters. 
Thermoformed Baflle Filter: 
Thermoforming is a technique used commonly in the plastics industry. In mid-1997, a prototype 
filter was made at ENP AC by taking starch foam sheets and thermoforming them into a 
baflle-type filter, mimicking a popular polystyrene filter. 
Fibrous Filter: 
ENP AC worked diligently in late 1997 to acquire starch fiber media that would be satisfactory for 
making a fibrous material. Although the ideal denure size starch fiber has not been available, a 
prototype fibrous filter was made in 1998 with approximately fibers of 4 denure. This fibrous 
material was 75% starch and 25% polyester. 
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Results 
Table 1 summarizes the different types of filters that were attempted, and the success and 
usefulness with respect to the needs of Caterpillar. The nature of this project does not lend to 
tangible results. Table 1 provides an overview of the success of each type of filter. The 
Discussion and Conclusion section provides better explanation of the project outcome. 
Table 1 Table of Results 
Filter Type Successful? Useful? 
Foam no nla 
Perforated/Expanded yes no, too expensive 
Paper Baffle yes yes, but doesn't meet Cat's needs 
Thermoformed Baffle yes yes, but doesn't meet Cat's needs 
Fibrous to be determined yes, if successful 
The prototypes listed in Table 1 were not tested at Air Filter Testing Laboratories (AFTL). 
AFTL is one of the standards in the industry for testing paint filter capture efficiencies. The 
products currently on the market undergo testing, and our goal was to obtain comparable results. 
We saw no need to spend resources for testing until a successful filter that was useful to 
Caterpillar was obtained. See figures 1-9 for photographs of the current commercial filters as 
well as the prototypes developed in this project. 
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Figure 1 Starch Foam Filter 
6 
Figure 2 Starch Paper 
 
 
Figure 3 Commercial Perforated / Expanded Filter 
8 
Figure 4 Commercial Cardboard Baffle Filter 
9 
Figure 5 Starch Paper Baffle Filter 
10 
Figure 6 Commercial Polystyrene Baffle Filter 
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Figure 7 Thermoformed Starch Baffle Filter 
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Figure 8 Commercial Fibrous Filter 
13 
Figure 9 Starch Fibers 
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Discussion and Conclusion 
Prior to the approval of this grant project, Caterpillar assembled an internal team to 
investigate new methods for handling waste paint filters at the East Peoria facility. The teams 
main focus was to determine the impact that would result from pending legislation that prevented 
liquid sludge from being accepted in landfills. As a result, the Caterpillar team approached the 
Waste Management and Research Center for assistance. We hypothesized if a new filter could be 
developed with WMRC's aid, solving the aforementioned environmental and safety problems, this 
could have a great impact on the $400 million paint filter industry. The WMRC project 
commenced in 1996. 
The project started with a goal to produce a foam filter made of starch. This filter type 
was hypothesized to be the most cost-efficient type of filter that would still meet the filtration 
needs of Caterpillar's spray booths. The traditional foam filter that we were trying to reproduce 
was a lightweight, porous, spongy type of material. The porosity, of course, is the most 
important feature of the filter. This design allows the air to pass through the filter, thus capturing 
any overspray paint in the air. Various techniques were tried to achieve a porous starch foam 
product, such as hydrogen peroxide and other foaming agents (Figure 1). Despite the diligence, 
we were unsuccessful in making the foam "pop," creating the desired open cell structure. It did 
not seem practical to pursue other agents to make a porous filter. Therefore, the team agreed that 
too much time had been spent trying to make an open cell filter and that a new approach was 
necessary. 
Making a perforated and expanded filter from starch was the next logical step. However, 
we realized that we needed to form new alliances to accomplish this task. The preliminary 
research required us to identify qualified and capable suppliers. After several months of 
investigating, a new team consisting of Caterpillar, RPS, and National Starch was assembled. The 
talents of this newly formed group were research and development, raw material acquisition, and 
manufacturing. 
With the strengths of this new team, it didn't take long to produce the perforated and 
expanded starch filter. National Starch first produced the starch paper media by extruding com 
starch foam and pressing it into starch paper (Figure 2). The second step involved running the 
paper through a machine at RPS to perforate and expand it. Ten perforated and expanded sheets 
were glued back-to-back, creating a satisfactory likeness to a commercial perforated and 
expanded filter (Figure 3). Unfortunately the manufactured cost was estimated to be 
approximately $0.50/sheet, translating to a $5.00 filter. Despite the success, this was far too 
expensive of a technique and was therefore abandoned. 
By this time, baffle filters were making more of an impact in the paint filter industry. Sales 
of this type of product were increasing, so we decided to try developing two different baffle filters 
from starch. The first baffle filter used the same technology employed to make starch paper, but 
manipulated it into a different product. To make the first baffle filter, starch paper was sent 
through a die-cutter to achieve a uniform hole design. Two sheets were glued back-to-back 
creating a torturous path (Figure 5). This design was very successful and the manufacturing cost 
would be competitive in the marketplace. Caterpillar is currently investigating options to market 
this technology with several companies in the paint finishing industry. 
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Simultaneously, a second type of baffle filter was being reproduced with a new strategic 
partner, ENP AC. This new partnership allowed us to acquire various types of starch raw 
materials at nearly half the cost of the previous com starch. ENP AC also opened the door to 
other manufacturers with new techniques. The end result was a thermoformed filter, mimicking a 
popular polystyrene baffle design accepted in the paint industry (Figures 6 and 7). Although 
these new starch baffle filters could replace the current commercial designs, the team felt that 
other starch filter designs could be developed that would affect a larger part of the paint industry. 
Caterpillar's original long-term goal was to produce a fibrous filter made from starch. At 
the beginning of the project, this seemed like an unattainable target; therefore most of the 
development focused on producing a less complex filter design. However, it was the short-term 
successes which made it possible for us to focus on the fibrous filter concept. 
As mentioned previously, fibrous filters are used in almost 95% of all paint finishing 
applications. Additionally, fibrous media is the most common intermediate product available to 
the entire filtration industry. Therefore, the potential for a starch fiber product could have a great 
impact on this $6 billion industry. Caterpillar realizes that starch fibers have additional 
applications in residential, commercial and industrial venues where polyester fibers are currently in 
use. 
Our team has successfully obtained starch fibers to make fibrous starch media. 
Unfortunately, the denure of the fiber was too small to make a 100% starch product. Instead, the 
experimental media was blended with polyester fibers in a 3:1 ratio. The function of the polyester 
was to give the material body and provide binding properties. As you can imagine, this was a 
tremendous accomplishment. 
Since the presentation on June 3, 1998 to WMRC Staff, we have acquired appropriately 
sized starch fibers. The next step will be to coordinate the manufacturing of the filter with our 
strategic partners: ENP AC, Koch Filter Corp. and Cumulus Fibers. Testing will follow. If 
successful, the team will develop a plan to manufacture and market the new product. 
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Glossary 
denure: the measurement unit describing the size of a fiber 
die-cutting: a process of cutting shapes usually from a sheet of paper 
thermoform: using heat and vacuum to form a shape, usually from a sheet of plastic 
torturous path: a non-linear pathway; in this case it is a non-linear pathway for air through a filter 
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